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【論文の内容の要約】 
This study evaluated the effects of forest thinning on spatial and temporal variation of fine 
sediment (particles ≤ 2 mm) transports in forested catchments. Fine sediment yields varied by 
spatially and temporally due to land use type, geology, and availability of fine sediment in sources. 
In forested catchments, 60 to 90 % of total sediment yields were consisted by fine sediment. Fine 
sediment transports are also an important indicator for water quality and freshwater ecosystems. 
Forest management elevated the amount of fine sediment transports due to soil erosion by increases 
in exposed surface areas. In particular, intense strip thinning with > 50% stem removal have been 
recommended instead of general thinning with 30 to 35% of stem removal, because of proper timber 
production and maintenance of stem density. Hence, effects of intense strip thinning on fine 
sediment yield are not fully investigated. Therefore, evaluating effects of intense strip thinning (> 
50%) on spatial and temporal variation of fine sediment transports in forested catchments is essential 
for establishing proper forest management practices.  
Firstly, variation of fine sediment transports in seven headwater catchments located from 
Fukushima to Shizuoka. Fine sediment in headwater streams with 7 to 170 ha was captured by 
integrated sediment samplers. Amount and radiocaesium (137Cs) concentrations of fine sediment had 
investigated. Radiocaesium by Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident is one of 
the indicator for fine sediment transport because 137Cs attached to the fine sediment can be 
transported by soil surface from managed catchments. Mean fine sediment transport ranged from 
0.02 to 1.20 g/ha/month, while two catchments affected by strip thinning tended to have high 
amounts. 137Cs concentrations of fine sediment were ranged from 29 to 6975 Bq/kg, which 
corresponded to the fallout amount from the FDNPP accident. Hence, one site with no fallout by the 
FDNPP accident had 137Cs concentrations in fine sediment that supplied by the global fallout.  
Secondly, responses of fine sediment yields in a catchment with 50% intense strip thinning 
was investigated based on monitoring of discharge and fine sediment yields. Paired-catchment 
analysis between 17 ha treated and 9 ha control catchments was conducted for estimating order of 
magnitude of changes in fine sediment yields. Annual fine sediment yields in the treated catchment 
elevated from 110 to 5056 kg/ha/yr. Fine sediment yields after strip thinning increased 17-fold than 
pre-thinning level based on paired-catchment analysis. Rate of increases in fine sediment yields after 
thinning tended to be high compared to the previous studies with random thinning. Greater increases 
in fine sediment concentrations in this study possibly associated with soil surface disturbance by skid 
trails and high-intense storm events during the thinning operation period.  
Thirdly, for determining the sources of fine sediment within a catchment after strip thinning, 
3 nested observations from 4 to 10 ha was conducted with 17 ha catchment. Integrated sediment 
samples were installed for measuring fine sediment yields and 137Cs concentrations. Soil samples 
from forest roads, hillslopes, skid trails, and stream beds were collected for analyzing 137Cs 
concentrations and organic matter contents. High 137Cs concentrations (Mean ± SD: 38 ± 568 Bq/kg) 
and organic matter contents (23 ± 9%) occurred on soil with 0–5 cm depth, because fallout 137Cs 
were concentrated on surface soil. In contrast, both 137Cs concentrations and organic matter contents 
were low in soil matrix with 5 to 30 cm in depth. Similarly, skid trail and stream bed tended to have 
low 137Cs concentrations and organic matter contents. 137Cs concentrations and organic matter 
content in the catchment outlet were 423 ± 164 Bq/kg and 20 ± 4%, respectively. 137Cs 
concentrations of the nested catchments ranged from 442 to 552 Bq/kg, while organic matter 
contents ranged from 19 to 21%. Mixing analysis based on 137Cs concentrations and organic matter 
contents showed that fine sediment in the catchment outlet had different sources to the nested 
catchments because of relatively low 137Cs concentrations and organic matter contents. Estimated 
contributions of hillslope surface soil in the first year after thinning was 32% in the catchment outlet 
and 39% in one nested catchments, while the other nested catchment had 91% of contribution by 
hillslope surface soil. Differences of the contribution by hillslope surface soil were associated with 
different sources of fine sediment. Although one tributary had high density of skid trails and possible 
surface erosion, fine sediment supplied from skid trail surface did not contributed to the nested 
catchment. Fine sediment from skid trail surface was transported by overland flow with hydrological 
connections to stream channels and contributed to the catchment out. Changes in contributions of 
surface hillslope soil to stream channels after the third year of thinning indicated the recovery by 
vegetation cover.    
Results of this study showed that the effects of intense strip thinning on spatial and temporal 
variation of fine sediment transports were associated with soil disturbances by skid trails and 
resultant fine sediment supply to stream via hydrological connections. Especially, soil disturbance by 
skid trails elevated the amount of fine sediment transports in specific areas within a given catchment. 
This finding suggested that management practices by considering distribution and intensity of 
ground surface disturbance need to be included for reducing fine sediment transports in stream 
channels. Practical guides such as sustainable timber production and reduction of fine sediment 
yields need to be developed based on site specific information of soil disturbances and understanding 
processes of fine sediment transports from hillslope to streams in forested catchments. 
